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“THE QUALITY OF A PRODUCT IS THE
(MINIMUM) LOSS IMPARTED BY THE
PRODUCT TO THE SOCIETY FROM
THE TIME THE PRODUCT IS SHIPPED”

- DR. G. TAGUCHI



LOSS TO SOCIETY

● SCRAP/REWORK

● RETURNS

● WARRANTY COSTS

● CUSTOMER COMPLAINTS

AND DISSATISFACTION

● TIME AND MONEY

● POTENTIAL LOSS OF MARKET SHARE



MAKE IT TO SPECIFICATIONS

“GOOD-NO GOOD”
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EXAMPLE OF VINYL THICKNESS
SPECIFICATION VS. CUSTOMER EXPECTATION

LOWER
SPEC.
LIMIT

NOMINAL
OR TARGET

UPPER
SPEC.
LIMtT

i

VINYL THICKNESS



Loss to society
(total  cost of
rnaking;nd
using film)

Producer’s cost
(thicker film

Customer’s cost

tear)

1 1 1 I

0.031 0.039 0.047

Film thickness, in
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INTERPRETATION OF LOSS

TAGUCHI
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FAIR FAIR

MEAN
M E A S U R E D  VALUE  OF THE CHARACTERISTIC



MEASURABLE CHARACTERISTICS
OF GOODNESS

0 Nominal is best . . . . e.g. Environment

. Smaller the better. . . . e.g. Impurities

e Larger the better . . . . e.g. Miles per 9al10n



NOISE FACTORS

ILOSS to tk %Cietyl
4

Deviations of
Functional Characteristics

from
Target Value

\ ‘t

J NOISE
FACTORS

Cause Deviations
h

hOuter
Noke

Variation in
Operating
Environments
Human Errors

bInner
Noise

● Deterioration ●

C!lBetween
Product
Noise

Manufacturing
Imperfections
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E x a m p l e s  o f  F a c t o r s

P r o d u c t  D e s i g n P r o c e s s  Design
o Outer C o n s u m e r ’ s  u s a g e  c o n d i t i o n s Amblenc temperature

No lse Low temperature Humidity
H i g h  t e m p e r a t u r e Sea80ns
Tempera Cure change Incoming material variation
Shock Operators
Vibration Voltage change
Humidity BaCch to batch v a r i a t i o n

o  Inner D e t e r i o r a t i o n  o f  p a r t s M a c h i n e r y  a g i n g
Noise D e t e r i o r a t i o n  o f  m a t e r i a l Tool  wear

O x i d i z a t i o n  ( r u s t ) D e t e r i o r a t i o n
o Between P i e c e  t o  p i e c e  v a r i a t i o n Proce9s t o  p r o c e s s  v a r i a t i o n

P r o d u c t w h e r e  t h e y  a r e  s u p p o s e d w h e r e  t h e y  a r e  s u p p o s e d  t o

to be the s a m e be the s a m e

C o n t r o l l a b l e A l l  d e s i g n  p a r a m e t e r s Ml p r o c e s s  d e s i g n  p a r a m e t e r s
F a c t o r s S u c h  a s  d i m e n s i o n A l l  p r o c e s s  s e t t i n g  parameter9

●  a t e r i a l
. c o n f i g u r a t i o n



PRODUCT DESIGN

STAGES IN DESIGN

SYSTEM DESIGN

INNOVATION

I

/1 PARAMETER DESIGN

(1 TOLERANCE DESIGN
OPTIMIZATION

PROCESS DESIGN



QUALITY ENGINEERRJG

Quallty Engine~rlng can  b e  v{awad { n  two  d!stlnct  phases

Off-L{ne Q u a l i t y  C o n t r o l

O n - L i n e  Qual{ty  C o n t r o l

Off-Llno Q u a l i t y  C o n t r o l  actlvftfes  o c c u r  a t  t h e  p r o d u c t  ●  n d  proc~ss  dts!gn
stages. h e y  opt{mlzc  p r o d u c t  and proces$  dcslgn  us!ng  desfgn o f  cxper(mants.
T h e  daslgn  procass {nclud~s  systtm  daslgn,  p a r a m e t e r  dosfgn  and tolerxnca
dcsfgn.

On-L{ne (Juality  Control act!vlties occur at the actual production stage.
include procts~s contro]

T h e y
s y s t e m s ,  u s e  o f  a d j u s t m e n t  f a c t o r s  ●  n d  inspact{on.

S P C  i s  ona way t o  d o  On-L{ne  C)sal\ty C o n t r o l .
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I QUALITY ENGINEERING I
+

OFF-LINE QUALITY CONTROL ‘
ENGINEERING OPTIMIZATION

I USING DESIGN OF EXPERIMENTSL I
t

PRODUCT DESIGN
(PRODUCT IMPROVEMENT)

I =$=
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I i I 1 I! SYSTEM DESIGN ! I
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I PARAMETER DESIGN
? i

~ OPTIMIZATION :
I I

1

I ON-LINE I
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TYPESOF QUALITY CHARACTERISTICS

0 Measurable characteristics are amenable
to measurement on a continuous scale.

0 Attribute characteristlcsare not continuously
scalable but can be classified on a discretely
graded scale. They are often based. on subjective
j u d g m e n t s  such as good, better, best.

“  Dynamic character ist ics  are  funct ional  quallty
charact,eristtcs of a “ s y s t e m ”  d e t e r m i n e d  on the
basis  o f  I n p u t  t o  t h e  s y s t e m  a n d  r e s u l t i n g  o u t p u t .
An automobile powertrain fs a good example of this
t y p e  o f  c h a r a c t e r i s t i c . As engine speed changes
(input) the transmission reacts and down-shifts,
up-shifts or remains in the same gear.



M e a s u r a b l e  characteristics can”be c lass i f ied  fnto t h r e e  t y p e s :

0 Nominal  the Best A charactertstlc with a specific
t a r g e t  v a l u e .

0 S m a l l e r  the  B e t t e r  H e r e  the ul t imate target  is zero .
0 Larger the Better The target Is infin~ty.

For each of these types it is possible to develop a function
to quantify the loss incurred  by faflbre to achieve the desired
quality.



130

120

110

100

90

84

II

7(

6[

z 5(

!!~ 4(

3[

21

1

0

L=K(y  ●  m~ B5

(=4

Ks

K=

Km

54321012 3 4 5
ydXJAW CHARAC=RBm

FIGURE 24 CXJALJTY LOSS AS A FUNCTION OF K



$50

40

30

2a

lC

.1

I
I

I
I

I
.
n !

1 I I I 1 I I I I I I I r
13 16 17 18 19 20 21 22 23 24 25

[ [jEa--i@q
14 ~L=k(y  - m) 2 I

ASSEE:LY&#NT [

$20=2(y - w ,
I

20 * 3.16 n I
yz20 k 3.16 I

I I

I CUSTOMER TOLERANCE I
2(3 ~ 5.00 n

I I
I I
I 1

(NJAW LOSS FUNCTION



TAGUCHVS QUALITY
ENGINEERING

OFF-LINE
APPLIED FOR ● PROOUCT  OPTIMIZATION

. PROCESS OPTIMIZATION

USING ● ORTHOGONAL AR IU4YS

. SIGNAL-TO-NOISE RATIOS

● QUALITY LOSS FUNCTION

EMPHASIZING . EFFICIENT EXPERIMENTATION ANO/OR
SIMULATION

c REOUCING  VA RlAf31U17

c LOW COST

. flOBUSTNESS  OF PROOUCTS

ON-LINE
APPLIEO ● MANUFACTURING STAGE

USING ● LOSS FUNCTION

DETERMINING . CHECKING INTERVAL

● ADJUSTMENT LIMIT

c (NSPECTION  NEEDS

PREVENTING c SYSTEM DOWNTIME

TO ● REDUCE THE VARlAf31W OF A PROCESS

● REDUCE THE OUAIJTY  LOSS OF A PROCESS



Parameter  Design

“ Oetel-mination of parameter values least sensitive to noise
“ I n v o l v e s  u s e  o f  o r t h o g o n a l  a r r a y s  a n d  s i g n a l - t o - n o i s e  ratic
“  M\nimal c o s t



STEPS IN DESIGNING EXPERIMENTS

1. Define the problem

2. Determine the objective

3. Brainstorm

4. Design the experiment

5. Conduct the experiment

and collect data

6. Analyze the data

by: Regular analysis
S/N analysis

7. Interpret results

8. Always-Always-Always CONFIRM



THE ROLE OF AN ORTHOGONAL ARRAY

The goal of qual{t~ e ncj inter!ng {s to ensure that we can maxfm{ze  product and
process performance and min\m{ze sens\tlvity.to  noise, at mlntmum cost. The
role of an orthogonal array is to let us evaluate ● desfgn with respect to
r o b u s t n e s s  a n d  c o s t .

We will see that {n quality englnterlng an orthogonal array is an InspectIon
device for preventing a ‘poor’ design from going downstream. It \s a tool
for rn{nlmlz{ng on-llne inspection.



ORTHOGONAL ARRAY ~ (27)

EXAMPLE - 8 TESTS OF 7 PARAMETERS

Number A B c D E F G Results
1 2 3 4 5 6 7

1

I I

1

u

1 1 1 1 1 1 Y,

2 1 1 1 2 2 2 2 Y2

3 1

n

2 2 1 1 2 2 Y3

4 1 2 2 2 2 1 1 Y4

5

I

2

D

1 2 1 2 1 2 Y5

6 2 1 2 2 1 2 1 Y6

7 2

n

2 1 1 2 2 1 Y7

8 “2 2 1 2 1 1 2 Y8

Orthogonality  of Columns A and B

For Al, Number of B,: Number of Ba = 2:2 = 1:1
For Az, Number of B,: Number of B2 = 2:2 = 1:1



ONE-FACTOR-AT-A-TIME-EXPERIMENT

:XPERIMENT FACTORS EXPERIMENTAL
NUMBER A B c D E F G RESULTS

1

2

3

4

5

6

7

8

IIResult 1

Result 2

Result 3

Result 4

Result 5

Result 6

Result 7

Result 8

Al and Az are compared under fixed conditions

for the same B, C,D...

Corn

Al



FULL FACTORIAL EXPERIMENT
A B C  DEFG DATA

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

126
127
128

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
●

●

●

2
2
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
●

●

●

2
2
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
●

●

o

2
2
2

1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
1
1
1
1
1
1
●

●

e

2
2
2

1
1
1
1
2
2
2
2
1
1
1
1
2
2
2
2
1
1
1
1
2
2
●

●

●

2
2
2

1
1
2
2
1
1
2
2
1
1
2
2
1
1
2
2
1
1
2
2
1
1
●

●

●

1
2
2

1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
●

●

●

2
1
2

FULL FACTORIAL 27

128 EXPERIMENTAL RUNS



TILE MANUFACTURING

EXPERIMENT



1- — 1

TILE MANUFACTURING PROCESS
BEFORE THE ExPERIMENT

ORE

I.—

/’
———.——

UPPER  LIMIT
. — —  ———

\/

BEFORE

1 +

oUTSII
TILES
(VARU
DIMEN

OUTSIDE TILES INSIDE TILES

(OUT OF SPEC) (JUST WITHIN



EXPERIMENT ON TILE MANUFACTURING

Raw mater ia l  ‘
.

M o l d i n g Calcining Glazing Calcining
rushing & mixing - , i L b

Control Factors and Levels

A: Amount of Limestone Al =

B: Fineness of the additive, B, =

C: Amount of agalmatolite, c, =

D: Type of agalmatolite, D, =
D2 =

E: Raw material charging quantity El =
F: Amount of waste return F, =

G: Amount of feldspar % =

5% (new), Az = 1°/0 (existing)

Coarser (existing), Bz = Finer. (new)

43’% (new), Cz = 5376 (existing)

Existing combination
~~w cornbinat]on

1300 Kg (new), Ea = 1200 Kg (existing)
0°/0 (new), Fz = 4% (existing)

0% (new), G ~ = 5% (existing)



ORTHOGONAL ARRAY L8 (2
7)

7 FACTORS 2 LEVELS EACH 8 EXPERIMENTAL RUNS

Number A B c D E F G Results1 2 3 4 5 6 7

1 1 1 1 1 1 1 1 Y,

2 1 1 1 2 2 2 2 Y2

3 1 2 2 1 1 2 2 Y3

4 1 2 2 2 2 1 1 Y4

5 2 1 2 1 2 1 2 Y5

6 2 1 2 2 1 2 1 Ylj

7 2 2 1 1 2 2 1 Y7

8 2 2 1 2 1 1 2 y8



No.

1

2
3
4

5

6
7

8

L8

ABC DEFG

1 2 3 4 5 6 7

1 1 1 1 1 1 1

1112.222
1 2 2 1 1 2 2
122221i

2 1 2 1 2 1 2

2 1 2 2 1 2 1

2 2 1 1 2 2 1

2 2 1 2 1 1 2

A BC D E F G

CONTNT

OF LIME

1

5

5

5
5
1

1

1

1

FINE-

NESS

2

CRSE
CRSE
FINE
FINE

CRSE

CRSE

FINE

FINE

AGAL-

TOLITE

3

43

43

53

53

53

53

43

I
43

KIND OF

AGALMA

4

EXSTG
NEW
EXSTG
NEW

EXSTG
NEW

EXSTG
NEW

1CHG WASTE

QTY RETURN

5 6

1300 0
1200 4
1300 4

1200 0
1200 0
1300 4

1200 4

1300 0

FLO

SPAR

7

0
5

5
0
5

0
0

5

NO. OF

DEFECT

per 100

16

17

12
6

6
88
42

26



ANALYSIS OF RESULTS

,

TOTAL DEFECTS Yo DEFECTIVE TOTAL DEFECTS “~ DEFECTIVE

51 12.75 El 122 30.50
Al

142 35.50 E2 71 17.75
A2

107 26.75 FI 54 13.50
B1

‘ 86 21.50 F2 139 34.75
62

101 25.25 GI 132 33.00
c l

92 23.00 G2 61 15.25
C2

4

DI 76 19.00 TOTA L 193 24.12
D2 117 29.25

PAPER CHAMPION Al B2 C2 D1 E2 FI G2
WINNING COMBINATION Al B2 Cl D1 E2 FI G2
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TILE MANUFACTURING PROCESS
CONFORMATION
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QUAUW LOSS FUNCTION

L(y) = k(y-m~

L(y )  = loss {n dollars per  uni t  product  when the qua l i ty  characte
is equal tQ y .

the  v a l u e  of the q u a l i t y  c h a r a c t e r i s t i c  ( i . e . ,  l e n g t h ,
width, concent ra t ion ,  sur face  f in ish ,  f l a tness ,  e tc . )
t a r g e t  value of y
a proportionality constant.
As will be seen later, k depends on the f inancial
importance of the quality characteristic. I f  y

is, for example,  a  cr i t ica l  d imension of a safety
device on a nuclear reactor, then k becomes a very
high f igure.


